Carex lemmonii W. Boott is a widespread California endemic. Herbarium and field studies showed its extensive morphological variation included plants called Carex albida L. H. Bailey, previously considered endemic to Sonoma County, California. Due to extensive overlap, characters of the perigynium, achene, inflorescence, and foliage did not separate the two taxa. Carex albida becomes a synonym of the earlier name, Carex lemmonii, which has implications beyond nomenclature. Carex lemmonii is common and is not a conservation priority in California. When merged with Carex lemmonii, the only known natural population of Carex albida will no longer qualify for protection under federal and state endangered species legislation. A key and illustrations are provided for California species in Carex section Aulocystis Dumort.
Carex sect. Aulocystis Dumort. (syn. sect. Ferrugineae (Tuckerman) Kü k.) is represented by eight species in North America, with five species recorded in California (Ball and Mastrogiuseppe 2002) . One of these is C. albida L. H. Bailey, white sedge, restricted to Sonoma County, California. It was first collected on 1 May 1854, by Dr. Jacob M. Bigelow, expedition surgeon and botanist for Lieutenant Amiel W. Whipple's exploration for a railway route from the Mississippi River to the Pacific Ocean, near the 35th parallel of latitude (Torrey and Gray 1857, p. 154) . References to George Thurber as a collector of C. albida (e.g., Boott 1880; Bailey 1889; Kü kenthal 1909) are apparently an error, according to Howell (1957) . Thus Bigelow was the only botanist to find C. albida in the 1800's, perhaps from present day Laguna de Santa Rosa (Best et al. 1996) . There are only a couple additional locations from the 1900's (Howell 1957) .
At present, plants called Carex albida are reduced to a single extant population in the diminished remnants of Pitkin Marsh wetlands, at an elevation of 30 m. The same site also supports a population of the Federally Endangered Lilium pardalinum Kellogg subsp. pitkinense (Beane & Vollmer) Skinner. Carex albida received protection as State Endangered under California legislation in November 1979. Federal listing as an Endangered Species came 22 October 1997 (62 FR 55791) .
Carex lemmonii W. Boott, Lemmon's sedge, as traditionally defined, is a California endemic, known from 25 counties across the state, ranging in elevation from 700 to 3000 m (Consortium of California Herbaria 2010). It favors creek banks, wet meadows, boggy meadows, fens, marshes, and peatlands, and occasionally is found on serpentine soils.
The type material of Carex albida was immature, and for many decades there were no additional collections. Eventually botanists questioned its taxonomic validity. Mackenzie (1922) combined C. albida with C. luzulina Olney. Later, Mackenzie (1935 Mackenzie ( , 1940 lumped C. albida with C. lemmonii. However, his broad circumscription of C. lemmonii was not followed by , who described C. albida again, as C. sonomensis Stacey. Howell (1957 , 1965 included C. sonomensis within C. albida, while retaining C. lemmonii as a distinct species. His approach was followed by Mastrogiuseppe (1993) and then Ball and Mastrogiuseppe (2002) . These different taxonomies were difficult to reconcile when preparing a treatment of Carex for the revision of the Jepson Manual (Mastrogiuseppe 1993; Zika et al. 2012) . The purpose of this study was to evaluate the morphological characters various authors have used to discriminate between C. albida and C. lemmonii, and explain the revised classification presented here.
METHODS
The sedge literature was reviewed for morphological characters that separate Carex albida from C. lemmonii. The taxonomic concepts of the most recent treatment, Ball and Mastrogiuseppe (2002) served as a starting point. Characters of foliage, perigynia, achenes and inflorescences used in the literature over the last century were measured on MADROÑ O, Vol. 59, No. 4, pp. 171-180, 2012 herbarium specimens, using a micrometer and dissecting binocular microscope. Gatherings of C. albida (as well as its synonym C. sonomensis) and C. lemmonii (as well as its synonym C. abramsii Mack.), were studied at the following institutions: BM, CAS, CHSC, DS, F, G, GH, HSC, JEPS, K, MICH, MO, NY, ORE, OSC, NY, POM, RSA, S, UC, US, WILLU, WTU, and YM (acronyms from Holmgren et al. 1990 ).
All available types were scrutinized. This preliminary study utilized 39 herbarium specimens of C. albida, and 270 sheets of C. lemmonii. The range of variation for 13 characters, across all of California, was summarized in Table 1 .
A principal components analysis (PCA) was performed in the R environment for statistical computing (R Development Core Team 2010). Ordination was performed using Euclidian distances. Non-metric multidimensional scaling (NMS) was performed using PC-ORD (McCune and Mefford 2006), using Sorenson distances. The maximum number of iterations for the algorithm to perform was set to 200, however, the analysis reach a low-stress (10.25%) plateau after 83 iterations were performed. ANOVA, NMS, and PCA were based on a subset of 64 herbarium specimens, evaluating 18 morphological characters ( Table 2 ). The vouchers are cited in Appendix 1; they included six isotypes, seven specimens of Carex albida and 57 specimens of C. lemmonii (Table 3) . Sampled specimens came from 12 counties and six ecoregions in California (Baldwin et al. 2012) .
Field visits were made to Carex lemmonii populations in Butte, Mariposa, and San Bernardino counties in 2009 and 2010. Leaf width was measured fresh on ten cultivated plants of C. albida at the Botanical Gardens of the University S, S/P, S/P/S, P/S, P S, S/P, S/P/S, P/S, P Stacey (1937) 
RESULTS
Taxonomists often use perigynium differences to separate closely related Carex species. Photographs of the perigynia of each California member of sect. Aulocystis are shown in Fig. 1 . Typical C. lemmonii perigynia ( Fig. 1A -E) show variation in length, width, outline, color, streaking, and marginal bristles. Each sample of 4-5 perigynia was derived from a single herbarium specimen. With practice, C. lemmonii perigynia are distinguishable from C. luzulina (Fig. 1G ) by beak length and color differences. Carex luzulifolia S. Watson perigynia (Fig. 1F) have broader wings and longer, narrower, more abrupt beaks than C. lemmonii. Carex fissuricola Mack., with perigynia somewhat intermediate between C. luzulina and C. luzulifolia, is separable by its stiff spreadingascending bristles just visible as a sparse white fuzz (Fig. 1H) . In summary, typical perigynia of C. luzulina, C. luzulifolia, and C. fissuricola look different from typical perigynia of C. lemmonii, as shown in Fig. 1 . But within C. lemmonii plants from Sonoma Co. (Fig. 1A) are not distinguishable from specimens from Mariposa Co. (Fig. 1B) . Perigynia from the types of C. sonomensis (Fig. 1A ) and C. abramsii (Fig. 1E ) merge imperceptibly with perigynia of C. lemmonii from elsewhere across the California floristic province.
This pattern of overlap was also true for the other features measured. A detailed examination of critical morphological characters, including foliage, inflorescences, spikes, scales, achenes, and perigynia, is collated in Table 1 . The preliminary study did not find any character that discriminates between Carex albida and C. lemmonii. The most extreme difference was leaf width, which was reported to be slightly greater in C. albida than in C. lemmonii (Mastrogiuseppe 1993; Ball and Mastrogiuseppe 2002) . Leaf width was found to decrease when specimens were dried, and was too variable between individuals to be useful (Table 1) . Even with fertilizer treatments, several cultivated plants of C. albida had widest (fresh) leaves 5-5.5 mm, while other garden plants had fresh leaves 7-8 mm wide. Within this continuum fit wild plants in the San Bernardino Mountains, with widest fresh leaves 4-6.5 mm wide. Not all differ from C. lemmonii specimens (F 5 0.2732, P 5 0.9999). Except for leaf width, measured morphological traits of the seven Sonoma specimens were within the range for the 57 measured C. lemmonii specimens ( Table 4 ). The widest leaves observed were found in C. albida specimens and if that trait were considered alone the difference between the taxa would be considered significant (t 5 3.721 and 4.979 for minimum and maximum leaf width respectively, P 5 0.001 and 0.007, respectively). But there was considerable overlap of leaf width with C. lemmonii, as discussed above (Tables 1, 4 ). Green scale color was more common in C. albida than in C. lemmonii, but occurred in both (Tables 1, 5 ). Gynecandrous terminal spikes were observed in three of the seven C. albida and not in the C. lemmonii specimens, but the other arrangements observed in C. albida were found in C. lemmonii (Table 5) . Our more extensive sample of C. lemmonii did yield occasional gynecandrous terminal spikes (Table 1) , so we do not believe this character has any definitive taxonomic significance, contrary to previous authors Howell 1965; Mason 1969; Mastrogiuseppe 1993) . Carex albida specimens clustered with C. lemmonii in the PCA (Fig. 2) . In this analysis, PCA axis one is related to plant size, axis 2 to the size and shape of the perigynium and achene, and axis 3 to leaf width and inflorescence size (Table 6 ). Together, these axes explain 58% of the variation in the data. Certain morphological traits were omitted from the analysis because they were closely, causatively related (e.g., achene width with achene length/width ratio, or minimum and maximum leaf width). Similar results were obtained with the full data set (results not shown). Results of NMS that included qualitative traits (Table 5) as well as quantitative traits gave similar results (not shown).
DISCUSSION
Critical perigynium features (Fig. 1) , selected morphological characters (summarized in Table 1 as well as statistical testing with ANOVA, PCA, and NMS all fail to distinguish Carex albida from C. lemmonii in the herbarium and in the field. In short, we can find no reason to retain C. albida as a distinct species. We agree with Mackenzie (1935 Mackenzie ( , 1940 ) who combined C. albida and C. lemmonii with the note that C. albida ''is based on very young and poor material, and apparently is best placed under this species.'' Review of the ample collections of the type of C. sonomensis in excellent fruiting condition support this conclusion. Carex lemmonii collections and populations we have seen from Butte, Plumas and San Bernardino counties are very similar to plants from Sonoma County, and at times indistinguishable. The oldest name in the complex is Carex lemmonii. The relevant nomenclature and synonyms are provided below. Carex albida should be synonymized under C. lemmonii, and C. albida should be removed from state and federal endangered species lists. A distribution map for C. lemmonii was prepared based on all verified herbarium records (Fig. 3) . It includes plants from the Coast Ranges in Glenn, Lake, and Sonoma counties.
TAXONOMY
Perigynium beak length can provide a useful comparative index for some members of Carex sect. Aulocystis. The traditional method of assessing perigynium beak length in Carex measures the distance from the beak tip to the inflection point, where the curve of the perigynium body transitions into the curve of the beak. The inflection point is easy to see in Fig. 1F , but is difficult to determine for other species in sect. Aulocystis, where the taper to the beak is gradual or asymmetrical, not abrupt (Fig. 1G, H ). An alternative method, used by Ball and Mastrogiuseppe (2002), is to measure the distance from the beak tip to achene tip (the summit of the achene body), which sometimes requires dissection of the perigynium surface. The key below uses this method. This measurement is generally longer than the traditional beak length distance. The varieties of C. luzulina recognized by Ball and Mastrogiuseppe (2002) and Dorn (1988) are not recognized here. 
